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The Fronkcl.Kontmwva Model With Nonconvex Intarparticle Intaracti me

S. Muianar, A. R. Bishop and J. Pougot

IAMAlamos Nttlonal LAomtory, b Alunos, Naw Mexico 87545;t and ICTP, P, O. Box
588,1-34100 TriWt4, My.

W. p~nt ●n ●alyticsi and numa=kal otudy of a chain of atom rnowng in a periodic

E’
Wntial with nonlinoar, noncouvox intorparticle in~rtctions, described by the

un.ilkmiua

?%s ground stata it shown to b homogmmm.s for B < 1/8 arid dimorizod for B > 1/8. The
noncanvoxity is shown to da play an important rd. when ●xcitations W. considorad. In
tho dimarid phua, m doflno tbo otaggud wdcr puunotar Vq = ( - l)n un ●nd map the
mcd.1 to the on-d~ +4 Problam In

Y
cuhr w. find ● Ioc.uisd kink solution, v =

tgb(dd), with m width d V@ng fO~ n.fhiity ●t B = 1/8 to zero ●t B = !3/16, whom the
intirpartklo lntcmctiono in tho ground gtaw ~vor h tho rmnconvox rqion ta tho
mmox ona. W. ala abow that ●t this p.lnt tbo kinks am pin.md b th lattm. Thoso
MSUIW mm vorifhd by ● dhct numerical simulation of tbo diacmti modol, Finite
tampantum ●fktm m di~ In tams of ● CU Mvo phan tmmltion ●t B = 1/8
kcming ordor d.larclor ~tkm ●t B = 2/16. % ●n muplln IWwon tho .prin~ Is
intxaducsd by add

%m
fa @An gmdlont wnn G(un.l - 2un + Un+ ~ to tho Hamiltonian, WQ

oblmt~u kan Inflnh k.lnkwidth ●t B = M w ● ni~ width for B > 3/16,
d.tmudnod by k -pdtioa btwoon tho dfoctlvo doub]o WOII ●nd tho intsrspring
cauplhkgo

(1)



tho particles aN ●t tho minima of tha substrata pot-ontial, u~ = O, in such that the
intirpudclo hN4mct(on ●norghs m ●t their maxima. !tis then ●-y ta 8ee that the s at8m
can lowor its ●no~ (for ● lug. enough value of B) by dimoriration, and the

K’
Jun a~te

“A
configumtion is Un = .I)n w whom uo is d.tmmnd b tho competition

i
tweeci the

aubtrati and m cl. enmgk: Substituting in (1) an min.im.izing with respact m UCI
WO obta.ia

4Au; - 2Bu0+ In tin(up) = O (2)

Eq. (2) has tho SOIUtiOIW U = O and uo t[(B-1/8)/( 2A-l/192)11/z whare we have
approximate cin(u/2) b u/! - l/6u). Thuo, for B < 1/8 tho ground sthte will be

dh~n-cm u. = O, w 1. for B > 1/8 It will b. dlmori~.

To study ●xcitations of tho ~m in the dimorbd phan, w. considor flint tho staggered
Order ~~rv = (.l)n Unmh ~~ ~und ~~ti Vn = () (homogon.ous ph~) ●nd Vn = +
( -)@ dtmonssJ’long-a.!!ofi (8hort-long) spriq msp8cdvoly. SulXituting a continuum
* pmximation Vn * ;

#

= Vn ~ hv’ + +hW’, In th~ H-ltonlan ud ●quations of motion w?
o U.in:

1“= 88u - 64Au3- Mu) + (28 - 48Au3# - 48Auva
(4)
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Fig. 2. The solitary kink eolution obtiined as an infinite period lJmit of soIution No. 2 in
Fig. 1.
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Wo ~ v to IM Bll sad ●xpand da(v) d ~v) In qudons (3) and (4) to @vt),
l)oflnin#a dlmmsioalrndAwlacQmont W = VdU@) w,obtain:

t{ = M#’(w’/-l+ml - 3(M#a?ww + m - lmlw’- 1)1 (5)

7%1s is tk~ Hamilton& forth 00.sIu ~- &blm [7] with ● offtivo spring cor.s~nt C =
2B(1 - WU@O)W~), and a & ~ = u )i(B - 1/8) W. cm tbQrQforQmpply known
muhs ti b prusont problcm. *dm!&M*motil*no.r im*~~clainwr~c~on is
toiotdum ● dopondam ofi W In tho cfketivo 9@ngconstsnt C, Th a plan an imptant
mlQ, dotmnlning tbc otsbilit limits of th dfformt iravcllng wavo .oIutiono to (5), as WIII
ba diw~ ol-whcra. In & h ro~ w. focus on tbo ofkts of tho nomlln~arity on tho
mvollng kinks (fig. 2)! TIM

T
ptOticvalu~of W in tlms mlutions am W = + *UOSt z -

+-, whom s = x -et and c 10 Qkink velocity, tho kink width d ●nd i~gnergy E will thus
b, givoll h tho +4 thoo~ ●s:



I
V2

d ‘0 2Bfl -3(u#o)%B- 1/81=-
2 } ((5)

The kink’s width is infl “
reachce the VMIUO ~ x

‘:~$a:h~’~~~~~~~~~~~;:i?::’iiqh:itransition, whom its unplituda vaniahos, ●nd when uo = Lio/
exceptono atom is in itiground MM. It is now ●asy to -a th at th point uo = M 3 ●

intarpticlo intmmction changou b concav~ (for u < & P) @convex (for u > Lo/ 3).
!A eimila.r ●ffact was notd by W ●nd Krumhansl (1984) in their study o alitins in

forroolaatic nmurials. This point ia seen more cledy when w. contidor the linearized
phonons in tho dim~rized ground SUU. Tlm ditpomion relation is then:

Uy= mdu~) + d3[3(udLo)2 -1 lsin?h/2) (8)

For k = n, this haa ● hornogmmoue compoaont plus u ward (downward) cumature when the
rgrcnmd atsti is in tho concwa (convtx) region of nwrpartlclo in~ractions. Nota that

●lthough tho
r

und sUM is dimodd tka Iicmarimd phonon t consists of one
branch only. plitting into scoustic ●d optic bm.nc.h and ha CUIU opaning ● gap at k
= n occun only if nonlhma.r ●ffccta am Included. h till b. here, thou Wfl]

bacoma important only ●t larga ●wgh unplitudca A: vis.

(9)

‘rho ma] ‘T with tho @ theory can h ●pplkd to moving kinks and to flni~ @mparature
●fkti u WO1. For tmv.liag k b b. Um.iting mmd velocity i. c = 2B[1 - 3(u~~)J],

J!which Vd’hU whoa uo = ~ . TM orpldns btb W
LOfJP

an of tho kink’s wtdth wit!.
velocity !flg. 2) and tho pinrd~dtbo kink when uo =

When flniw ~pomtu.ra an mnaidorgd, wo can d.i@n@sh two m~ona (Aubry 1979):
(1) tho dhplaciw

v
oa mar B = 1/0 wftk ● cha~rtatie tmmitkm” ~mpwature kHT =

(0.4) 2B(1-3(U
%!

~ B- l@H@), =b.ick Ik tko mtlon ●n.
Y

of Ut kink (oq. 7); ●nd (2)
tho ordor-die.o ●r region n~ar B s 3’1S witk ● tins tlon torn @raturo k~T =

tO.l@Bti- l/8 Eu&2), which is b Mor Mght of tko ●ffuttvo doubh m , Then havo th

Y
hiwrpmadom h tko -t mdal: At B = 1~ the %oIuag” of tic dirnoriad

8prings s chamutmhd by
2

daadns (of tho odor of tha kink’c width) of nearly
undimori- *W d tho w~ting dimrid pkm. At B = 3/16 on tlm othor
hand, ticm mist man ~
of a lattice Const&nt)L “%-rwtium’w’’h(’”o”’ *d& Of*’:d”rwk.lcb tbg dos mdm m cha.nga fmcn m “Iong.short to a
“ahomlong” Wtdng csmflgutmtion.

Findk w. rotum W thu *S of th~ kink when uo = Wfi. T%. sharp jump in the
Vclug 0( & * + I@ @ -q#ls ~thd out if w. Iucludo hi hor dorivstives in the

7continumm Hamibnisn or quivdontly Iongor mm o inMrpartlc ● intamctionc in the
!dhcmm vemiom. !3uch Mm IAM pmnt lf w. mnd or, for ino~nca, an QX nsion of tha

rin tho ●IUUC ~n.g, To w tlm offoct of such s tmm w, ●id 1/2 (W’W w tic
~~’nlan (oq. 5), SubdtutAL~ a dution v = @(a/d) in tho oqurntlon of motion we
ob~in m l~sdingodor in I/d:



To summarize we have preaentid a study of the ~und state and ●xcitations of the
Frenkel-Kontcmova model with nonconvex interpartlcle interactions, emphasizing the
special effecti of the nonconvexity on the ground state and on the exci~tions. Our study
here has bon limited b nonconvexity with two competing length scales. As indicated

P
●arlier, a third lea scalo can be introduced by chooamg a nonzero value for a in ●qn. (1).
This waa done by archand, Hood and Caine [41 in *eir study cf tie ~und s~~s of (1),
aasuming and d.isplmuxmnta un and thus replacing cos(u ) by 1- ui,/2. The phase diagram
obtined in this study cmm.iotaof various modulated conR “tions with flrxtand second

3“order ph- tmmitioru ba!waen them. On tho othr !mn Ba.rsch .t ●l. [6,8] have shown
&u:$e present model with ● stmin gmdiant tam may be uaaful in the description of twin

Y
dynamica in matinai~ nmtmials. In thiacaM the substrata Wtintial models the

parant p aM and the otkmr tonn.s am tho ●xpanoion of tho hwe aner
‘Y

as a function of the
strain and strain gmi.hnts. We ara currently studying thiti mode . We have obtained
●dditional pouad s@ta Configuration (M tha s~in @cLicnt wrm is increased). These
consist of conflgurationa whora un = n-a for n = l... N and u = nab for n = N+l...M (the
dima%xad phan ia on. witi M = N = 1, but different fl, N can be obtained as the
paramotira ●rc varied). ‘l%. case (N,N) with N P 1 cmwaponds to tho twn boundary lattice
described b Bamh et al, [81, A compl.te phaaa diagram is in preparation ar. rl will be

rpublished o aswho.ro.

WC a.rQ gmtafhl for vmluablo dkusaion with Baruch Horovitz and Philip Rosenau,
-nsu baa rmantly disc- continuum ●pproximation whomea for lattices with general
intirpa.rticlo in~ractions and mlmtraw po~ntials [9,10]. This work waz suppotid in part
by tho US DOE.
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